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(57) ABSTRACT

Provided are a long-lifetime organic electroluminescence
device which can be fabricated in an improved yield owing to
suppressed crystallization of molecules, and an aromatic
amine derivative that realizes the device, i.e., anovel aromatic
amine derivative having a specific structure. Specifically pro-
vided are an organic electroluminescence device, including
an organic thin film layer formed of one or more layers
including at least a light emitting layer, the organic thin film
layer being interposed between a cathode and an anode, and
an aromatic amine derivative for at least one layer of the
organic thin film layer, in particular, a hole transporting layer,
the derivative having at least one such structure that a sub-
stituent in which two or more specific heterocycles are linked
to each other, in particular, a substituent in which two or more
specific heterocycles are linked through an aryl group is
bonded to an amine through an aryl group.
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AROMATIC AMINE DERIVATIVE AND
ORGANIC ELECTROLUMINESCENT
ELEMENT

This application is a371 of PCT/JP10/52292 filed Feb. 16,
2010. Priority to Japanese patent application 2009-035387,
filed Feb. 18, 2009, is claimed.

TECHNICAL FIELD

The present invention relates to an aromatic amine deriva-
tive and an organic electroluminescence (hereinafter, abbre-
viated as organic EL.) device using the same, and more par-
ticularly, to an aromatic amine derivative capable of
increasing a lifetime of the organic EL. device even at high
temperatures by using an aromatic amine derivative having a
specific structure as a hole transporting material.

BACKGROUND ART

An organic EL. device is a spontaneous light emitting
device which utilizes such a principle that a fluorescent sub-
stance emits light by virtue of recombination energy of holes
injected from an anode and electrons injected from a cathode
by an application of an electric field. Since an organic ELL
device of the laminate type capable of being driven under low
electric voltage has been reported by C. W. Tang et al. of
Eastman Kodak Company (C. W. Tang and S. A. Vanslyke,
Applied Physics Letters, Volume 51, Page 913, 1987, or the
like), many studies have been conducted for an organic EL
device using an organic material as a constituent material.
Tang et al. used tris(8-quinolinolato)aluminum for a light
emitting layer and a triphenyldiamine derivative for a hole
transporting layer. Advantages of the laminate structure
include the followings: an efficiency of the hole injection into
the light emitting layer can be increased; an efficiency of
forming excitons which are formed by blocking and recom-
bining electrons injected from the cathode can be increased;
and excitons formed within the light emitting layer can be
enclosed. As described above, for the device structure of the
organic EL. device, a two-layered structure having a hole
transporting (injecting) layer and an electron transporting
light emitting layer and a three-layered structure having a
hole transporting (injecting) layer, a light emitting layer, an
electron transporting (injecting) layer, and the like are widely
known. In order to increase the efficiency of recombination of
injected holes and electrons in such devices of the laminate
type, the device structure and the process of forming the
device have been studied.

In general, when an organic EL device is driven or stored in
an environment of high temperature, there occur adverse
affects such as a change in luminescent color, a decrease in
emission efficiency, an increase in driving voltage, and a
decrease in a lifetime of light emission. In order to prevent the
adverse affects, it has been necessary that the glass transition
temperature (Tg) of the hole transporting material be
elevated. Therefore, itis necessary that many aromatic groups
be held within a molecule of the hole transporting material
(for example, an aromatic diamine derivative of Patent Lit-
erature 1 and an aromatic fused ring diamine derivative of
Patent Literature 2), and in general, a structure having 8 to 12
benzene rings is preferably used.

However, in the case of a highly symmetrical compound
and a compound high in flatness each having a large number
of aromatic groups in a molecule, crystallization is liable to
occur upon fabrication of the organic EL device through the
formation of a thin film by using those hole transporting
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materials. As a result, there arises a problem such as clogging
of an outlet of a crucible to be used in vapor deposition or a
reduction in yields of the organic EL device due to generation
of'defects ofthe thin film resulting from the crystallization. In
addition, a compound having a large number of aromatic
groups in any one of its molecules generally has a high glass
transition temperature (Tg), but has a high sublimation tem-
perature. Accordingly, there arises a problem in that the life-
time of the compound is short probably because a phenom-
enon such as decomposition at the time of the vapor
deposition or the formation of a nonuniform deposition film
occurs.

Meanwhile, Patent Literature 3 reports such an amine com-
pound that heterocycles linked to each other are bonded to an
amine, but the compound does not show sufficient perfor-
mance when used in an organic EL device.

In addition, Patent Literatures 4 and 5 each report such an
amine compound that heterocycles directly linked to each
other are bonded to an amine through an aryl group, but the
compound does not show sufficient performance when used
in an organic EL. device. In addition, Patent Literature 5
merely gives examples of such compound, and describes
neither an example in which the synthesis of the compound is
performed nor an example in which the compound is used in
an organic EL device. In addition, Patent Literature 6 reports
such a diamine compound that two amines are each bonded
through an aryl group to a substituent to which a heterocycle
is directly linked, but the compound does not show sufficient
performance when used in an organic EL device. In addition,
Patent Literature 7 reports such a diamine compound that two
amines are directly bonded to a substituent to which two
heterocycles are each linked through an aryl group, but the
compound does not show sufficient performance when used
in an organic EL device. Patent Literature 8 reports such an
amine compound that heterocycles linked to each other
through an aryl group are bonded to an amine through an aryl
group, but the amine compound does not show sufficient
performance when used in an organic EL device.

As described above, high-efficiency, long-lifetime organic
EL devices have been reported, but none of them provides
sufficient performance, and hence the development of an
organic EL device having additionally excellent performance
has been strongly desired.

CITATION LIST
Patent Literature

[PTL 1] U.S. Pat. No. 4,720,432 A
[PTL 2] U.S. Pat. No. 5,061,569 A
[PTL 3] JP 2008-127290 A

[PTL 4] JP 2003-267972 A

[PTL 5] WO 2008/062636 A1l
[PTL 6] JP 2003-133075 A

[PTL 7] WO 2008/072596 A1l
[PTL 8] JP 11-167990 A

SUMMARY OF INVENTION
Technical Problem

The present invention has been made to solve the problems,
and an object of the present invention is to provide an organic
electroluminescence device having a long lifetime even at
high temperatures, and an aromatic amine derivative that
realizes the device.
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Solution to Problem

The inventors of the present invention have made extensive
studies to achieve the object. As a result, the inventors have
found that the use of a novel aromatic amine derivative having
a specific substituent as a material for an organic EL device,
in particular, as a hole injecting material or ahole transporting
material can solve the problems.

In addition, an interaction between molecules of an amine
compound having, as a substituent, an aryl group having such
aunit that two or more heterocycles are linked to each other is
small because the compound has steric hindrance property.
As aresult, the crystallization of the molecules is suppressed,
and hence the yield in which an organic EL. device is fabri-
cated can be increased. In addition, the following fact has
been found. In particular, an amine compound having, as a
substituent, an aryl group having such a unit that two or more
heterocycles are linked to each other through an aryl group
has a large energy gap (Eg), and hence can effectively block
electrons from a light emitting layer. As a result, the injection
of the electrons into a hole transporting layer is suppressed,
and hence a lifetime-lengthening effect is exerted. In particu-
lar, a significant lifetime-lengthening effect is obtained by
combining the compound with a blue light emitting device.
The inventors of the present invention have completed the
present invention on the basis of those findings.

That is, the present invention provides:

(1) an aromatic amine derivative, including a substituent
represented by the following general formula (1):

[Chem. 1]

@
Ll 12
e \A/ \B

where:

(i) L' represents a substituted or unsubstituted arylene
group having 6 to 50 ring carbon atoms;

(i) L? represents a single bond, or a substituted or unsub-
stituted arylene group having 6 to 50 ring carbon atoms,
ary group 2 2

provided that an arbitrary substituent for each of ! and L?
includes a linear or branched alkyl group having 1 to 10
carbon atoms, a cycloalkyl group having 3 to 10 ring carbon
atoms, a trialkylsilyl group having 3 to 30 carbon atoms, a
triarylsilyl group whose aryl groups each have 6 to 10 ring
carbon atoms, an alkylarylsilyl group having 8 to 24 carbon
atoms whose aryl portion has 6 to 14 ring carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a halogen atom, or a cyano group, and a plu-
rality of substituents may be identical to or different from
each other;

(iii) A represents a linking group represented by any one of
the following general formulae (2) to (5):

NS NP
paG

RN, (R

[Chem. 2]
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-continued
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where:

R! to R” each independently represent the same substituent
as the arbitrary substituent for each of the L' and the L?,
or a general formula -1.>-B where L? has the same mean-
ing as that described above, and B has the same meaning
as meaning of B to be described below; and

a plurality of R"’s, R¥’s, R¥’s, R*’s, R>’s, R%s or R”’s
adjacent to each other may be bonded to each other to
form a saturated or unsaturated ring, d represents an
integer of 0 to 4, a, b, ¢, e, and f each independently
represent an integer of 0 to 3, g represents an integer of
0to 2, and Ar” represents a substituted or unsubstituted
aryl group having 6 to 14 ring carbon atoms,

provided that substituents for Ar' each independently
include the same substituent as the arbitrary substituent
for each of the L* and the L?; and

(iv) B represents a substituent represented by any one of the

following general formulae (6) to (9):

[Chem. 3]
)
/ / /\/
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-continued

®

®

where:

R?® to R'* each independently represent the same substitu-
ent as the arbitrary substituent for each of the L* and the
L?, ora general formula -L.>-B where L? and B each have
the same meaning as that described above; and

aplurality of R®’s, R”’s, R'?’s, R*>s, R'*’s, R**>’s, orR'*’s
adjacent to each other may be bonded to each other to
form a saturated or unsaturated ring, i, j, k, and m each
independently represent an integer of 0 to 4, h, I, and n
each independently represent an integer of 0 to 3, and
Ar” represents a substituted or unsubstituted aryl group
having 6 to 14 ring carbon atoms,

provided that substituents for Ar* each independently
include any one of the same substituent as the arbitrary
substituent for each of the L' and the L* except an aryl
group, and a phenyl group, a biphenyl group, a naphthyl
group, and a phenanthryl group, and when the A repre-
sents a linking group represented by the general formula
(5), B represents a substituent represented by the general
formula (6);

(2) the aromatic amine derivative according to the above-
mentioned item (1), in which the A represents a linking group
represented by any one of the general formulae (2) to (4), and
the B represents a substituent represented by any one of the
general formulae (6) to (8);

(3) the aromatic amine derivative according to the above-
mentioned item (1), in which:

the L' represents a linking group represented by any one of
the following general formulae (10) to (12):

[Chem. 4]
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-continued
12)
RZI

R20

where:

R'® to R'? each independently represent the same substitu-
ent as the arbitrary substituent for each of the L' and the
L2, R*° and R*! each independently represent a linear or
branched alkyl group formed of a hydrocarbon having 1
to 10 carbon atoms, or a cycloalkyl group having 3 to 10
ring carbon atoms, and a plurality of R**’s, R*®’s, R'”’s,
R'®’s, or R'’s adjacent to each other may be bonded to
each other to form a saturated or unsaturated ring; and

0, p, and q each independently represent an integer of 0 to
4, and r and s each independently represent an integer of
0to 3; and

the L represents a single bond, or a linking group repre-
sented by any one of the general formulae (10) to (12);

(4) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (3), in which the L* repre-
sents a linking group represented by any one of the general
formulae (10) to (12), and the L represents a single bond;

(5) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (4), in which the L' repre-
sents any one of a phenylene group, a biphenylene group, and
a 9,9-dimethylfiuorenylene group, and the L represents a
single bond;

(6) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (5), in which the A repre-
sents a linking group represented by the general formula (2);

(7) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (5), in which the A repre-
sents a linking group represented by the general formula (3);

(8) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (5), in which the A repre-
sents a linking group represented by the general formula (4);

(9) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (5), in which the A repre-
sents a linking group represented by the general formula (5);

(10) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (9), in which the B repre-
sents a substituent represented by the general formula (6);

(11) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (9), in which the B repre-
sents a substituent represented by the general formula (7);

(12) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (9), in which the B repre-
sents a substituent represented by the general formula (8);

(13) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (9), in which the B repre-
sents a substituent represented by the general formula (9);

(14) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (13), in which the aromatic
amine derivative is represented by any one of the following
general formulae (13) to (17):
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[Chem. 5]
13)
Ar3
\
N—Ar
Ao
(14
X N
N—L3—N
A{7 \Ar9
15)
AIIO Arl4
\ /
N—L5—N
L4 \Arl3
Ar“—N/
\Arlz
(16)
A<15 /AIZO
N—L'—N
L5/ L8
ArlG—N/ \N—Ar19
\Ar” A{IS
amn
AIZI
AIZZ—N/
\
| Ar?6
/N—L“—N
LlO AIZS
AP*—N
\ -

where at least one of Ar® to Ar’, at least one of Ar® to Ar®,
at least one of Ar'°Ar'?, at least one of Ar'> to Ar*°, and
at least one of Ar*! to Ar*° are each represented by the
general formula (1), and L* to L' each represent the
same linking group as the linking group represented by
the L

(15) the aromatic amine derivative according to the above-
mentioned item (14), in which the aromatic amine derivative
is represented by the general formula (13);

(16) the aromatic amine derivative according to the above-
mentioned item (15), in which at least one of the Ar®, the Ar®,
and the Ar” is represented by the general formula (1), and the
others each represent a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms;

(17) the aromatic amine derivative according to the above-
mentioned item (14), in which the substituted or unsubsti-
tuted aryl group having 6 to 50 ring carbon atoms includes any
one of a naphthyl group, a biphenyl group, and a terphenyl
group;

(18) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (17), in which the aromatic
amine derivative is used as a material for an organic electrolu-
minescence device;

(19) the aromatic amine derivative according to any one of
the above-mentioned items (1) to (17), in which the aromatic
amine derivative is used as a hole transporting material for an
organic electroluminescence device;

(20) an organic electroluminescence device, including an
organic thin film layer formed of one or more layers including
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8

a light emitting layer, the organic thin film layer being inter-
posed between a cathode and an anode, in which at least one
layer of the organic thin film layer contains the aromatic
amine derivative according to any one of the above-men-
tioned items (1) to (17);

(21) the organic electroluminescence device according to
the above-mentioned item (20), in which: the organic thin
film layer has a hole transporting layer and/or a hole injecting
layer; and the aromatic amine derivative according to any one
of'the above-mentioned items (1) to (17) is incorporated into
the hole transporting layer and/or the hole injecting layer;

(22) the organic electroluminescence device according to
the above-mentioned item (21), in which: the organic thin
film layer has a hole transporting zone including a hole trans-
porting layer and/or a hole injecting layer; and the aromatic
amine derivative according to any one of the above-men-
tioned items (1) to (17) is incorporated into a layer out of
direct contact with the light emitting layer in the hole trans-
porting zone;

(23) the organic electroluminescence device according to
the above-mentioned item (21), in which the aromatic amine
derivative according to any one of the above-mentioned items
(1) to (17) is incorporated as a main component into the hole
transporting layer and/or the hole injecting layer;

(24) the organic electroluminescence device according to
any one of the above-mentioned items (20) to (23), in which
the light emitting layer contains a styrylamine compound
and/or an arylamine compound;

(25) the organic electroluminescence device according to
any one of the above-mentioned items (20) to (23), in which
a layer in contact with the anode out of layers for forming the
hole injecting layer and/or the hole transporting layer
includes a layer containing an acceptor material; and

(26) the organic electroluminescence device according to
any one of the above-mentioned items (20) to (23), in which
the organic electroluminescence device emits blue light.

Advantageous Effects of Invention

The aromatic amine derivative of the present invention
hardly crystallizes, and the use of the derivative as a material
for an organic EL. device provides a device having a long
lifetime even at high temperatures.

DESCRIPTION OF EMBODIMENTS

An aromatic amine derivative of the present invention is a
compound having a substituent represented by the general
formula (1).

First, L' and L? are described.

In the general formula (1), L' represents a substituted or
unsubstituted arylene group having 6 to 50, preferably 6 to 15
ring carbon atoms, and L represents a single bond, or a
substituted or unsubstituted arylene group having 6 to 50,
preferably 6 to 15 ring carbon atoms.

Cases where the L' represents any one of the general for-
mulae (10) to (12), and the L? represents a single bond or any
one of the general formulae (10) to (12) are preferred. Of
those, the case where L' represents any one of a phenylene
group, a biphenylene group, and a 9,9-dimethylfluorenylene
group, and L? represents a single bond is preferred from the
viewpoint of ease of synthesis.

Specific examples of the arylene group include arylene
groups such as a phenylene group, a biphenylene group, a
terphenylene group, a tetrafluorophenylene group, a dimeth-
ylphenylene group, a naphthylene group, an anthranylene
group, a phenanthrylene group, a pyrenylene group, a naph-
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thacenylene group, a quarterphenylene group, a pentace-
nylene group, a perylenylene group, a pyrenylene group, a
coronylene group, a fluorenylene group, and an acenaphthot-
luorenylene group.

A substituent for each of L' to L. is a linear or branched
alkyl group having 1 to 10, preferably 1 to 6 carbon atoms, a
cycloalkyl group having 3 to 10, preferably 5 to 7 ring carbon
atoms, a trialkylsilyl group having 3 to 10, preferably 3 to 6
carbon atoms, a triarylsilyl group having 18 to 30, preferably
1810 24 ring carbon atoms, an alkylarylsilyl group having 8 to
24, preferably 8 to 12 carbon atoms (its aryl portion has 6 to
14, preferably 6 to 10 ring carbon atoms), an aryl group
having 6 to 30, preferably 6 to 10 ring carbon atoms, a halogen
atom, or a cyano group.

Specific examples of the alkyl group include a methyl
group, an ethyl group, a propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, an n-pentyl group, an n-hexyl group, an n-heptyl
group, an n-octyl group, a hydroxymethyl group, a 1-hy-
droxyethyl group, a 2-hydroxyethyl group, a 2-hydroxy-
isobutyl group, a 1,2-dihydroxyethyl group, a 1,3-dihydroxy-
isopropyl group, a 2,3-dihydroxy-t-butyl group, and a 1,2,3-
trihydroxypropyl group. Preferred are a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, and a tert-butyl
group.

Specific examples of the cycloalkyl group include a cyclo-
propyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cyclopentylmethyl group, a cyclohexyl-
methyl group, a cyclohexylethyl group, a 4-fluorocyclohexyl
group, a 1-adamantyl group, a 2-adamantyl group, a 1-nor-
bornyl group, and a 2-norbornyl group. Preferred are a cyclo-
pentyl group and a cyclohexyl group.

Specific examples of the trialkylsilyl group include a trim-
ethylsilyl group, a vinyldimethylsilyl group, a triethylsilyl
group, a tripropylsilyl group, a propyldimethylsilyl group, a
tributylsilyl group, a t-butyldimethylsilyl group, a tripentyl-
silyl group, a triheptylsilyl group, and a trihexylsilyl group.
Preferred are a trimethylsilyl group and a triethylsilyl group.
A silyl group may be substituted with alkyl groups identical to
or different from each other.

Specific examples of the triarylsilyl group include a triph-
enylsilyl group, a trinaphthylsilyl group, and a trianthrylsilyl
group. Preferred is a triphenylsilyl group. A silyl group may
be substituted with aryl groups identical to or different from
each other.

Specific examples of the alkylarylsilyl group include
dimethylphenylsilyl group, a diethylphenylsilyl group,
dipropylphenylsilyl group, a dibutylphenylsilyl group,
dipentylphenylsilyl group, a diheptylphenylsilyl group,
dihexylphenylsilyl group, a dimethylnaphthylsilyl group,
dipropylnaphthylsilyl group, a dibutylnaphthylsilyl group,
dipentylnaphthylsilyl group, a diheptylnaphthylsilyl group, a
dihexylnaphthylsilyl group, a dimethylanthrylsilyl group, a
diethylanthrylsilyl group, a dipropylanthrylsilyl group, a
dibutylanthrylsilyl group, a dipentylanthrylsilyl group, a
dihexylanthrylsilyl group, a diheptylanthrylsilyl group, and a
diphenylmethyl group. Preferred are a dimethylphenylsilyl
group, a diethylphenylsilyl group, and a diphenylmethyl
group.

Specific examples of the aryl group include a phenyl group,
a 2-methylphenyl group, a 3-methylphenyl group, a 4-meth-
ylphenyl group, a 4-ethylphenyl group, a biphenylyl group, a
4-methylbiphenylyl group, a 4-cthylbiphenylyl group, a
4-cyclohexylbiphenylyl group, an anthracenyl group, a naph-
thacenyl group, a terphenylyl group, a triphenylyl group, a
3,5-dichlorophenylyl group, a naphthyl group, a 5-methyl-
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naphthyl group, a phenanthryl group, a chrysenyl group, a
benzophenanthryl group, a terphenyl group, a benzanthranyl
group, a benzochrysenyl group, a pentacenyl group, a picenyl
group, a pentaphenyl group, a pyrenyl group, a chrysenyl
group, a fluorenyl group, an indenyl group, an acenaphthyl-
enyl group, a fluoranthenyl group, and a perylenyl group. Of
those, preferred are a phenyl group, a naphthyl group, a biphe-
nylyl group, a terphenylyl group, and a fluorenyl group. More
preferred are a phenyl group, a biphenylyl group, and a ter-
phenylyl group.

Specific examples of the halogen atom include fluorine,
chlorine, and bromine.

Further, it is preferred that the L' represent any one of the
general formulae (10) to (12), and the L? represent a single
bond or any one of the general formulae (10) to (12).

R'* to R each independently represent the same substitu-
ent as the arbitrary substituent for each of the L' and the L?,
and a specific example of the substituent is also the same
substituent as the arbitrary substituent for each of the L' and
the L%,

R*® and R*' each independently represent a linear or
branched alkyl group formed of a hydrocarbon having 1to 10,
preferably 1 to 6 carbon atoms, or a cycloalkyl group having
3 to 10, preferably 5 to 7 ring carbon atoms. A plurality of
R'’s,R*®s,R'7’s,R'®’s, or R'?’s adjacent to each other may
be bonded to each other to form a saturated or unsaturated
ring.

0, p, and q each independently represent an integer of 0 to
4.r and s each independently represent an integer of 0 to 3.

Specific examples of the alkyl group and the cycloalkyl
group represented by R?° and R?! include those each
described as a substituent for each of the L' and the 1*
(arylene group).

Next, A is described.

A of the general formula (1) represents a linking group
represented by any one of the general formulae (2)to (5) orby
a general formula <-L*'-B'-(L* have the same meaning as that
of the above-mentioned L?, and B' represents any one of the
general formulae (2) to (5))>.

In the general formulae (2) to (5), R* to R” each indepen-
dently represent the same substituent as the arbitrary substitu-
ent for each of the L' and the L?, or a group represented by a
general formula <-L>-B (L* and B each have the same mean-
ing as that described above)>. Specific examples of the sub-
stituent and the group are also the same as those in the case of
the arbitrary substituent for each of the L' and the L.

In the general formulae (2) to (5), a plurality of R"’s, R*’s,
R?*’s, R*s, R>’s, R®s, or R”’s, adjacent to each other may be
bonded to each other to form a saturated or unsaturated ring,
drepresents an integer of O to 4, preferably Oor 1,a,b, ¢, e, and
feach independently represent an integer of O to 3, preferably
Oor 1, and g represents an integer of 0 to 2, preferably O or 1.

Ar' represents an aryl group having 6 to 14, preferably 6 to
10 ring carbon atoms.

Specific examples of the aryl group include those each
having 6 to 14 ring carbon atoms out of the examples of the
substituent for the arylene group.

Substituents for Ar' are each independently the same sub-
stituent as the arbitrary substituent for each of the L' and the
L?. Specific examples of the substituent are also the same as
those in the case of the arbitrary substituent for each of the L*
and the ..

Particularly preferred out of the aromatic amine derivatives
each having a substituent represented by the general formula
(1) of the present invention is an aromatic amine derivative
having such a substituent that the A represents a linking group
represented by any one of the general formulae (2) to (4), and
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the B is represented by any one of the general formulae (6) to
(8), more preferably the general formula (6) or (7).

Next, B is described.

B ofthe general formula (1) is represented by any one of the
substituents represented by the general formulae (6)to (9). Of
those, a substituent represented by any one of the general
formulae (6) to (8) is preferred, and a substituent represented
by the general formula (6) or (7) is more preferred.

In the general formulae (6) to (9), R® to R** each indepen-
dently represent the same substituent as the arbitrary substitu-
ent for each of the L' and the L?, or a group represented by a
general formula [-L*-B (L? and B each have the same mean-
ing as that described above)]. A plurality of R*’s, R*’s, R*’s,
R*’s,R>’s,R®’s or R”’s adjacent to each other may be bonded
to each other to form a saturated or unsaturated ring. Specific
examples of the substituent and the group are also the same as
those in the case of the arbitrary substituent for each of the L*
and the ..

In the general formulae (6) to (9), i, j, k, and m each
independently represent an integer of 0 to 4, preferably Oor 1,
and h, 1, and n each independently represent an integer of 0 to
3, preferably O or 1.

Ar® represents an aryl group having 6 to 14, preferably 6 to
10 ring carbon atoms.

Specific examples of the aryl group include those each
having 6 to 14 ring carbon atoms out of the examples of the
substituent for the L' and the L? (arylene group).

Substituents for Ar* are each independently any one of the
same substituent as the arbitrary substituent for each of the L.
and the L (except an aryl group), a phenyl group, a biphenyl
group, a naphthyl group, and a phenanthryl group.

When an aryl group having a high molecular weight is
bonded to the N-position of carbazole in a terminal region of
a molecule of the aromatic amine derivative, the molecule is
thermally instable, and hence the possibility that the molecule
decomposes at the time of its sublimation purification
increases. Accordingly, the performance of a device using the
derivative may reduce. Particularly in the case of such an aryl
group that an amino group is bonded to the N-position of
carbazole, the electron density characteristic of a terminal as
a carbazole group reduces, and hence the device performance
may reduce.

[Chem. 6]
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The aromatic amine derivative having a substituent repre-
sented by the general formula (1) of the present invention is
preferably a compound represented by any one of the general
formulae (13) to (17), particularly preferably a compound
represented by the general formula (13).

In the general formulae (13) to (17), at least one of Ar® to
Ar’, at least one of Ar® to Ar®, at least one of Ar'® to Ar'*, at
least one of Ar'® to Ar®°, and at least one of Ar** to Ar®° each
represent the substituent represented by the general formula
(1.

A substituent represented by any one of Ar® to Ar*S except
the substituent represented by the general formula (1) is a
substituted or unsubstituted aryl group having 6 to 50, pref-
erably 6 to 10 ring carbon atoms. Specific examples and
preferred examples of the aryl group are the same as those
listed in the foregoing description. A substituent for the aryl
group is the same as a substituent for each of the L' and the >
(arylene group).

In the general formulae (13)to (17),1.° to L' each have the
same meaning as that of the L°.

Preferred modes in the aromatic amine derivative repre-
sented by any one of the general formulae (13) to (17) are as
follows:

(i) an aromatic amine derivative in which the Ar® is repre-
sented by the general formula (1), and the Ar* and the Ar® each
independently represent a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms;

(ii) an aromatic amine derivative in which the Ar® and the Ar*
are each independently represented by the general formula
(1), and the Ar® represents a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms;

(i) an aromatic amine derivative in which the Ar® to Ar> are
each independently represented by the general formula (1);
and

(iv) an aromatic amine derivative in which a group out of the
Ar® to Ar° which is not represented by the general formula (1)
is a substituent represented by any one of a naphthyl group, a
biphenyl group, and a terphenyl group.

Specific examples of the aromatic amine derivative having
a substituent represented by the general formula (1) of the
present invention include the following compounds.
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The aromatic amine derivative having a substituent repre-
sented by the general formula (1) of the present invention
hardly crystallizes, and is preferably used as a light emitting
material for an organic EL device, in particular, as a hole
transporting material for an organic EL device. An organic ELL
device using the aromatic amine derivative of the present
invention has a long lifetime even at high temperatures.

Next, amethod of producing the aromatic amine derivative
of the present invention is described.

The method of producing the aromatic amine derivative
having a substituent represented by the general formula (1) of
the present invention is not particularly limited, and is, for
example, as described below.

Description is given by taking a method of producing the
aromatic amine derivative of the present invention repre-
sented by the general formula (13) as an example. The aro-
matic amine derivative can be synthesized by, for example,
the following reactions.

First, a halide [such as 4-bromobiphenyl| and a compound
that produces an amino group [such as acetamide] are caused
to react with each other in the presence of catalysts [a metal
halide such as copper iodide and an amine such as N,N'-
dimethylethylenediamine] and an alkaline substance [such as
potassium carbonate] in a solvent [such as xylene] at 50 to
250° C. After that, the resultant is subjected to a reaction in the
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presence of an alkaline substance [such as potassium carbon-
ate] and water in a solvent [such as xylene] at 50 to 250° C.
Thus, an intermediate X is synthesized. The reactions are
preferably performed under an atmosphere of an inert gas
such as argon.

Separately, halides that produce a structure represented by
the general formula (1) [such as carbazole and 4-iodo-4'-
bromobiphenyl] are caused to react with each other in the
presence of catalysts [such as copper iodide (Cul) and an
amine such as trans-1,2-cyclohexanediamine| in a solvent
[such as 1,4-dioxane] and an alkaline compound [such as
tripotassium phosphate] at 50 to 150° C. After that, the result-
ant is subjected to a reaction in the presence of an iodinating
agent [such as potassium iodide or potassium iodate]| and an
acid [such as sulfuric acid] in a solvent [such as ethanol] at 25
to 150° C. to provide an iodinated body. Further, a boron
oxide that produces a structure represented by the general
formula (1) [such as dibenzofuran-4-boronic acid] is caused
to react with the iodinated body so that an intermediate Y
(L'-A-B) may be synthesized. The reactions are preferably
performed under an atmosphere of an inert gas such as argon.

Next, the intermediate X and the intermediate Y are caused
to react with each other in the presence of catalysts [such as
t-butoxy sodium and tris(dibenzylideneacetone)dipalladium
(0)] in a solvent [such as dry toluene] at 0 to 150° C. Thus, the
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aromatic amine derivative of the present invention can be
synthesized. The reaction is preferably performed under an
atmosphere of an inert gas such as argon.

After the completion of the reaction, the reaction product is
cooled to room temperature, and then water is added to filtrate
the product. The filtrate is extracted with a solvent such as
toluene, and is then dried with a drying agent such as anhy-
drous magnesium sulfate. The dried product is desolvated
under reduced pressure so as to be concentrated. The resultant
crude product is subjected to column purification, and is then
recrystallized with a solvent such as toluene. The crystal is
separated by filtration, and is then dried. Thus, the aromatic
amine derivative of the present invention that has been puri-
fied is obtained.

Upon introduction of an aryl group between the two kinds
of hetero compounds of the intermediate Y, in, for example,
the above-mentioned reaction example of the intermediate Y,
a compound having a structure (L'-A-L>-B) is obtained by
subjecting a heteroarylboronic acid [such as 4-(4-dibenzo-
furanyl)phenylboronic acid] instead of a heteroboronic acid
[such as dibenzofuran-4-boronic acid] to a reaction.

Although this example describes the case where A is rep-
resented by the general formula (3) and B is represented by
the general formula (6), similar synthesis can be performed
by an arbitrary combination of a boronic acid compound and
ahalogenated compound in the case of any other heterocyclic
ring in the present invention. In addition, L' and L? can each
be similarly introduced into the substituent represented by the
general formula (1) by an arbitrary combination of a boronic
acid compound and a halogenated compound.

In order that a plurality of substituents represented by the
general formula (1) may be introduced into the aromatic
amine derivative represented by the general formula (13), a
halide that produces the substituent represented by the gen-
eral formula (1) has only to be subjected as a halide to a
reaction in an amount corresponding to the number of the
substituents one wishes to introduce upon synthesis of the
above-mentioned intermediate X. Next, the intermediate X
and the intermediate Y are caused to react with each other in
the same manner as that described above. Thus, the aromatic
amine derivative of the present invention into which the sub-
stituent represented by the general formula (1) and the linking
group represented by the general formula (2) are introduced
can be synthesized. The reactions are preferably performed
under an atmosphere of an inert gas such as argon.

A halide containing the substituent represented by the gen-
eral formula (1) and a halide of a substituted or unsubstituted
aryl group having 6 to 50 ring carbon atoms except the sub-
stituent represented by the general formula (1) can be arbi-
trarily introduced into the intermediate X. In addition, one or
two aryl groups can be introduced, and further, an arbitrary
combination of aryl groups can be introduced. A target prod-
uct can be obtained by causing the amine compound (inter-
mediate X) obtained as a result of the introduction and an
arbitrary halide (intermediate Y) to react with each other. The
order in which those halides are subjected to reactions and the
manner in which the halides are combined can be determined
in consideration of, for example, reactivity and the ease of
purification.

In addition, compounds represented by the general formu-
lae (14) to (17) can each be synthesized as in the case of the
synthesis of the monoamine described above by changing the
[halide] to the [halide including the substituent represented
by the general formula (1)] in the synthesis of a known amine
compound.

In addition, known technologies described in the following
patent literatures (for example, JP 2003-171366 A, WO 2006/
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114921 A1, WO 2006/073054 A1, WO 2007/125714 A1, and
WO 2008/062636 Al) may each be employed for any such
synthesis as described above.

In the organic EL device of the present invention, a light
emitting layer to be described later preferably contains at
least one kind of the aromatic amine derivative of the present
invention. The light emitting layer contains the aromatic
amine derivative of the present invention at a content of
preferably 0.01 to 20 wt %, more preferably 0.5 to 20 wt %,
particularly preferably 1 to 20 wt %, most preferably 5 to 20
wt %.

Typical examples of the construction of the organic EL
device of the present invention may include the following
constructions:

(1) anode/light emitting layer/cathode;

(2) anode/hole injecting layer/light emitting layer/cathode;

(3) anode/light emitting layer/electron injecting layer/
cathode;

(4) anode/hole injecting layer/light emitting layer/electron
injecting layer/cathode;

(5) anode/organic semiconductor layer/light emitting
layer/cathode;

(6) anode/organic semiconductor layer/electron barrier
layer/light emitting layer/cathode;

(7) anode/organic semiconductor layer/light emitting
layer/adhesion improving layer/cathode;

(8) anode/hole injecting layer/hole transporting layer/light
emitting layer/electron injecting layer/cathode;

(9) anode/insulating layer/light emitting layer/insulating
layer/cathode;

(10) anode/inorganic semiconductor layer/insulating
layer/light emitting layer/insulating layer/cathode;

(11) anode/organic semiconductor layer/insulating layer/
light emitting layer/insulating layer/cathode;

(12) anode/insulating layer/hole injecting layer/hole trans-
porting layer/light emitting layer/insulating layer/cathode;
and

(13) anode/insulating layer/hole injecting layer/hole trans-
porting layer/light emitting layer/electron injecting layer/
cathode.

Ofthose, the construction (8) is preferably used in ordinary
cases. However, the construction is not limited to the forego-
ing.

<Light-Transmissive Substrate>

The organic EL device of the present invention is prepared
by laminating a plurality of layers having any of the above-
mentioned layer constructions on a light-transmissive sub-
strate. Here, the light-transmissive substrate refers to a sub-
strate which supports the organic EL device. It is preferred
that the light-transmissive substrate have a light transmittance
of 50% or more in the visible light region where the wave-
length is 400 to 700 nm and be flat and smooth.

Specific examples of the light-transmissive substrate
include a glass plate and a polymer plate. Examples of the
glass plate include plates formed of soda-lime glass, glass
containing barium and strontium, lead glass, aluminosilicate
glass, borosilicate glass, barium borosilicate glass, and
quartz. Further, examples of the polymer plate include plates
formed of polycarbonate, acrylic, polyethylene terephthalate,
polyether sulfide, and polysulfone.
<Anode>

A material having a work function of more than 4 eV is
suitable as a conductive material to be used in the anode of the
organic EL device of the present invention, and carbon, alu-
minum, vanadium, iron, cobalt, nickel, tungsten, silver, gold,
platinum, palladium, and the like, and alloys thereof, metal
oxides such as tin oxide and indium oxide to be used inan ITO
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substrate and an NESA substrate, and organic conductive
resins such as polythiophene and polypyrrole are each used.
<Cathode>

A material having a work function of less than 4 eV is
suitable as a conductive substance to be used in the cathode,
and magnesium, calcium, tin, lead, titanium, yttrium, lithium,
ruthenium, manganese, aluminum, lithium fluoride, and the
like, and alloys thereof are each used. However, the material
is not limited thereto. Representative examples of the alloys
include, but not limited to, magnesium/silver, magnesium/
indium, and lithium/aluminum. The ratio of any such alloy is
controlled depending on, for example, the temperature of a
deposition source, an atmosphere, and a degree of vacuum,
and is selected so as to be a proper ratio. The anode and the
cathode may each be formed of a layer construction having
two or more layers as required.

The cathode can be prepared by forming a thin film of the
conductive substance described above in accordance with a
method such as vapor deposition or sputtering.

Here, when the light emitted from the light emitting layeris
obtained through the cathode, it is preferred that the cathode
have a transmittance of more than 10% with respect to the
emitted light.

In addition, the cathode has a sheet resistivity of preferably
several hundreds ©[7] cm or less and a thickness of generally
10 nm to 1 um, preferably 50 to 200 nm.
<Insulating Layer>

Defects in pixels tend to be formed in organic EL devices
due to leak and short circuit because an electric field is applied
to ultra-thin films. In order to prevent the formation of the
defects, it is preferred that a thin film layer having insulating
property be inserted between the pair of electrodes.

Examples of a material to be used in the insulating layer
include aluminum oxide, lithium fluoride, lithium oxide,
cesium fluoride, cesium oxide, magnesium oxide, magne-
sium fluoride, calcium oxide, calcium fluoride, aluminum
nitride, titanium oxide, silicon oxide, germanium oxide, sili-
con nitride, boron nitride, molybdenum oxide, ruthenium
oxide, and vanadium oxide. A mixture or laminate thereof
may also be used for the insulating layer.
<Light Emitting Layer>

The light emitting layer of the organic EL device has all of
the following functions (1) to (3).

(1) Injecting function: a function by which a hole can be
injected from the anode or the hole injecting layer and an
electron can be injected from the cathode or the electron
injecting layer when an electric field is applied.

(2) Transporting function: a function of transporting the
injected charges (i.e., the electron and the hole) by the force of
the electric field.

(3) Light emitting function: a function of providing the
field for recombination of the electron and the hole and lead-
ing the recombination to the emission of light.

It should be noted that the ease with which a hole is injected
and the ease with which an electron is injected may differ
from each other, and transporting abilities represented by the
mobilities of the hole and the electron may vary. However, it
is preferred that one of the charges be transported.

Examples of a host material or a doping material which can
be used in the light emitting layer together with the aromatic
amine derivative of the present invention include: polyfused
aromatic compounds such as naphthalene, phenanthrene,
rubrene, anthracene, tetracene, pyrene, perylene, chrysene,
decacyclene, coronene, tetraphenylcyclopentadiene, pen-
taphenylcyclopentadiene, fluorene, spirofluorene, 9,10-
diphenylanthracene, 9,10-bis(phenylethinyl)anthracene, and
1,4-bis(9'-ethinylanthracene)benzene  and  derivatives
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thereof; organic metal complexes such as tris(8-quinolino-
lato)aluminum and bis-(2-methyl-8-quinolinolato)-4-(phe-
nylphenolato)aluminum; a triarylamine derivative; a styry-
lamine derivative; a stilbene derivative; a coumarin
derivative; a pyrane derivative; an oxazone derivative; a ben-
zothiazole derivative; a benzoxazole derivative; a benzimida-
zole derivative; a pyrazine derivative; a cinnamate derivative;
a diketopyrrolopyrrole derivative; an acridone derivative; and
a quinacridone derivative, but the material is not limited
thereto.

In addition to the aromatic amine derivative of the present
invention, a known light emitting material, doping material,
hole injecting material, or electron injecting material can be
further used in the plurality of layers as required. Alterna-
tively, the aromatic amine derivative of the present invention
can be used as a doping material. A reduction in the brightness
or lifetime of the organic EL. device due to quenching can be
prevented by structuring the organic thin film layer from a
plurality of layers. A light emitting material, a doping mate-
rial, a hole injecting material, and an electron injecting mate-
rial can be used in combination as required. In addition, a
doping material can achieve an improvement in luminous
brightness or luminous efficiency, and the emission of red or
blue light. In addition, the hole injecting layer, the light emit-
ting layer, and the electron injecting layer may each be
formed of a layer construction having two or more layers. At
that time, in the case of the hole injecting layer, a layer into
which a hole is injected from an electrode is called a hole
injecting layer, and a layer that accepts the hole from the hole
injecting layer and transports the hole to the light emitting
layer is called a hole transporting layer. Similarly, in the case
of the electron injecting layer, a layer into which an electron
is injected from an electrode is called an electron injecting
layer, and a layer that accepts the electron from the electron
injecting layer and transports the electron to the light emitting
layer is called an electron transporting layer. Each of those
layers is selected and used depending on the respective fac-
tors such as the energy level of its material, the heat resistance
of the material, and the adhesiveness of the material with an
organic layer or a metal electrode.

The hole injecting/transporting layer is a layer that aids the
injection of a hole into the light emitting layer and transports
the hole to a light emitting region. The layer has a large hole
mobility, and typically has an ionization energy as small as
5.7 eV or less. A material that transports a hole to the light
emitting layer at an additionally low electric field intensity is
preferred for such hole injecting/transporting layer, and a
material having a hole mobility of at least 10~ cm?/V-sec at
the time of the application of an electric field of, for example,
10* to 10°V/cm is more preferred.

As described in the foregoing, the aromatic amine deriva-
tive of the present invention is particularly preferably used in
the hole injecting/transporting layer.

When the aromatic amine derivative of the present inven-
tion is used in a hole transporting zone, the hole injecting/
transporting layer may be formed of the aromatic amine
derivative of the present invention alone, or the derivative
may be used as a mixture with any other material.

The other material mixed with the aromatic amine deriva-
tive of the present invention to form the hole injecting/trans-
porting layer is not particularly limited as long as the material
has the preferred nature, and an arbitrary material selected
from materials conventionally used as charge transporting
materials for holes in photoconductive materials, and known
materials used in the hole injecting/transporting layers of
organic EL. devices can be used. In the present invention, a
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material that has a hole transporting ability and can be used in
the hole transporting zone is called a hole transporting mate-
rial.

Specific examples of the other material for a hole injecting/
transporting layer other than the aromatic amine derivative of
the present invention include, but are not limited to, a phtha-
locyanine derivative, a naphthalocyanine derivative, a por-
phyrin derivative, oxazole, oxadiazole, triazole, imidazole,
imidazolone, imidazolethione, pyrazoline, pyrazolone, tet-
rahydroimidazole, oxazole, oxadiazole, hydrazone, acylhy-
drazone, polyarylalkane, stilbene, butadiene, benzidine type
triphenylamine, styrylamine type triphenylamine, diamine
type triphenylamine, derivatives thereof, and polymer mate-
rials such as polyvinyl carbazole, polysilane, and a conduc-
tive polymer.

Of the hole injecting materials that can be used in the
organic EL device of the present invention, more effective
hole injecting materials are an aromatic tertiary amine deriva-
tive and a phthalocyanine derivative.

Examples of the aromatic tertiary amine derivative include,
but are not limited to, triphenylamine, tritolylamine, tolyl-
diphenylamine, N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1'-
biphenyl-4,4'-diamine, = N,N,N',N'-(4-methylphenyl)-1,1'-
phenyl-4.4'-diamine, N,N,N',N'-(4-methylphenyl)-1,1'-
biphenyl-4,4'-diamine, N,N'-diphenyl-N,N'-dinaphthyl-1,1'-
biphenyl-4,4'-diamine, N,N'-(methylphenyl)-N,N'-(4-n-
butylphenyl)-phenanthrene-9,10-diamine, N,N-bis(4-di-4-
tolylaminophenyl)-4-phenyl-cyclohexane, and an oligomer
or polymer having one of the aromatic tertiary amine skel-
etons.

Examples of the phthalocyanine (Pc) derivative include,
but are not limited to, phthalocyanine derivatives such as
H,Pc, CuPc, CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, ClAlPc,
ClGaPc, CllnPc, ClSnPc, Cl,SiPc, (HO)AlPc, (HO)GaPe,
VOPc, TiOPc, MoOPc, and GaPc-O-GaPc, and naphthalo-
cyanine derivatives. In addition, the organic EL device of the
present invention is preferably formed of a layer containing
each of those aromatic tertiary amine derivatives and/or each
of phthalocyanine derivatives, for example, the hole trans-
porting layer or the hole injecting layer between a light emit-
ting layer and an anode.

Next, the electron injecting layer and the electron trans-
porting layer are described. Each of the electron injecting
layer and the electron transporting layer is a layer which helps
injection of electrons into the light emitting layer, transports
the electrons to the light emitting region, and exhibits a large
electron mobility. Further, the adhesion improving layer is an
electron injecting layer including a material exhibiting par-
ticularly improved adhesion with the cathode.

In addition, it is known that, in an organic EL device,
emitted light is reflected by an electrode (cathode in this
case), and hence emitted light directly extracted from an
anode and emitted light extracted via the reflection by the
electrode interfere with each other. The film thickness of the
electron transporting layer is appropriately selected from the
range of several nanometers to several micrometers in order
that the interference effect may be effectively utilized. In
particular, when the film thickness of the electron transport-
ing layer is large, an electron mobility is preferably at least
107° cm?/V's or more upon application of an electric field of
10* to 10°V/cm in order to avoid an increase in voltage.

Specific examples of a material to be used in the electron
injecting layer include fluorenone, anthraquinodimethane,
diphenoquinone, thiopyranedioxide, oxazole, oxadiazole,
triazole, imidazole, perylenetetracarboxylic acid, fluore-
nylidenemethane, anthraquinodimethane, anthrone, and
derivatives thereof, but are not limited thereto. In addition, an

5

10

15

20

25

30

35

40

45

50

55

60

65

130

electron-accepting substance can be added to the hole inject-
ing material or an electron-donating substance can be added
to the electron injecting material to thereby sensitize the hole
injecting material or the electron injecting material, respec-
tively.

In the organic EL. device of the present invention, more
effective electron injecting materials are a metal complex
compound and a nitrogen-containing five-membered ring
derivative.

Examples of the metal complex compound include, but are
not limited to, 8-hydroxyquinolinatolithium, bis(8-hydrox-
yquinolinato)zinc, bis(8-hydroxyquinolinato)copper, bis(8-
hydroxyquinolinato)manganese, tris(8-hydroxyquinolinato)
aluminum, tris(2-methyl-8-hydroxyquinolinato)aluminum,
tris(8-hydroxyquinolinato)gallium, bis(10-hydroxybenzo[h]
quinolinato)beryllium, bis(10-hydroxybenzo[h]quinolinato)
zine, bis(2-methyl-8-quinolinato)chlorogallium, bis(2-me-
thyl-8-quinolinato)(o-cresolato)gallium,  bis(2-methyl-8-
quinolinato)(1-naphtholato)aluminum, and bis(2-methyl-8-
quinolinato)(2-naphtholato)gallium.

Examples of the nitrogen-containing five-membered
derivative preferably include an oxazole derivative, a thiazole
derivative, an oxadiazole derivative, a thiadiazole derivative,
and a triazole derivative. Specific examples of the derivative
include, but are not limited to, 2,5-bis(1-phenyl)-1,3,4-0x-
azole, dimethyl POPOP, 2,5-bis(1-phenyl)-1,3,4-thiazole,
2,5-bis(1-phenyl)-1,3,4-oxadiazole, 2-(4'-tert-butylphenyl)-
5-(4"-biphenyl)-1,3,4-oxadiazole, 2,5-bis(1-naphthyl)-1,3,
4-oxadiazole, 1,4-bis[2-(5-phenyloxadiazolyl)|benzene, 1,4-

bis[2-(5-phenyloxadiazolyl)-4-tert-butylbenzene], 2-(4'-tert-
butylphenyl)-5-(4"-biphenyl)-1,3,4-thiadiazole,  2,5-bis(1-
naphthyl)-1,3,4-thiadiazole, 1,4-bis[2-(5-

phenylthiadiazolyl)|benzene, 2-(4'-tert-butylphenyl)-5-(4"-
biphenyl)-1,3,4-triazole, 2,5-bis(1-naphthyl)-1,3,4-triazole,
and 1,4-bis[2-(5-phenyltriazolyl)|benzene.

In the organic EL device of the present invention, in addi-
tion to the aromatic amine derivative represented by any one
of'the general formulae (13) to (17), at least one kind of light
emitting material, doping material, hole injecting material,
and electron injecting material may be incorporated into the
light emitting layer. In addition, a surface of the organic EL.
device obtained according to the present invention can be
provided with a protective layer, or the entirety of the device
can be protected with silicone oil, a resin, or the like with a
view to improving the stability of the device against tempera-
ture, humidity, an atmosphere, or the like.

It is desirable that at least one surface of the organic ELL
device of the present invention be sufficiently transparent in
the emission wavelength region of the device so that the
device can efficiently emit light. A substrate is also desirably
transparent. A transparent electrode is formed by using any
one of the above-mentioned conductive materials, and is set
by a method such as vapor deposition or sputtering in such a
manner that desired translucency is secured. The light trans-
mittance of an electrode on a light emitting surface is desir-
ably 10% or more. The substrate is not limited as long as ithas
mechanical strength, thermal strength, and transparency.
Examples of the substrate include a glass substrate and a
transparent resin film. Examples of the transparent resin film
include polyethylene, an ethylene-vinyl acetate copolymer,
an ethylene-vinyl alcohol copolymer, polypropylene, poly-
styrene, polymethyl methacrylate, polyvinyl chloride, poly-
vinyl alcohol, polyvinyl butyral, nylon, polyether ether
ketone, polysulfone, polyether sulfone, a tetrafluoroethylene-
perfluoroalkyl vinyl ether copolymer, polyvinyl fluoride, a
tetrafluoroethylene-ethylene copolymer, a tetrafluoroethyl-
ene-hexafluoropropylene copolymer, polychlorotrifluoroeth-
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ylene, polyvinylidene fluoride, polyester, polycarbonate,
polyurethane, polyimide, polyetherimide, polyimide, and
polypropylene.

Any one of dry film forming methods such as vacuum
deposition, sputtering, plasma, and ion plating, and wet film
forming methods such as spin coating, dipping, and flow
coating is applicable to the formation of each layer of the
organic EL device of the present invention. The thickness of
each layer is not particularly limited, but must be set to an
appropriate thickness. An excessively large thickness
requires an increased applied voltage for obtaining certain
optical output, resulting in poor efficiency. An excessively
small thickness causes a pin hole or the like, with the result
that sufficient luminous brightness cannot be obtained even
when an electric field is applied. In general, the thickness is in
the range of preferably 5 nm to 10 um, more preferably 10 nm
to 0.2 pm.

In the case of a wet film forming method, a material for
forming each layer is dissolved or dispersed into an appro-
priate solvent such as ethanol, chloroform, tetrahydrofuran,
or dioxane, to thereby form a thin film. In this case, any one of
the above-mentioned solvents may be used.

An organic EL material-containing solution containing the
aromatic amine derivative of the present invention as an
organic ELL material and a solvent can be used as a solution
suitable for such wet film forming method. In addition, an
appropriate resin or additive may be used in each of the
organic thin film layers for, for example, improving film
formability or preventing a pin hole in the layer.

Examples of an available resin include: insulating resins
such as polystyrene, polycarbonate, polyarylate, polyester,
polyamide, polyurethane, polysulfone, polymethyl meth-
acrylate, polymethyl acrylate, and cellulose, and copolymers
thereof; photoconductive resins such as poly-N-vinylcarba-
zole and polysilane; and conductive resins such as poly-
thiophene and polypyrrole. In addition, examples of the addi-
tive include an antioxidant, a UV absorber, and a plasticizer.

<Method of Fabricating Organic EL. Device>

An organic EL device can be fabricated by forming an
anode, a light emitting layer, a hole injecting/transporting
layer to be formed as required, an electron injecting/trans-
porting layer to be formed as required, and a cathode by
means of the various materials and layer formation methods
given in the foregoing. Alternatively, the organic EL device
can be fabricated in the order opposite to the foregoing com-
mencing on the cathode and ending on the anode.

Hereinafter, an example of fabricating an organic EL
device having a construction in which an anode, a hole inject-
ing layer, a light emitting layer, an electron injecting layer,
and a cathode are formed successively on a light-transmissive
substrate is described.

First, on a suitable light-transmissive substrate, a thin film
made of a material for the anode is formed in accordance with
a method such as vapor deposition or sputtering so that the
thickness of the formed thin film is 1 pm or less, preferably in
the range of 10 to 200 nm. The formed thin film is used as the
anode. Then, a hole injecting layer is formed on the anode.
The hole injecting layer can be formed in accordance with
such method as the vacuum vapor deposition method, the spin
coating method, the casting method, the LB method, as
described above. The vacuum vapor deposition method is
preferred because a uniform film can be easily obtained and
the possibility of formation of pin holes is small, for example.
When the hole injecting layer is formed in accordance with
the vacuum vapor deposition method, in general, it is pre-
ferred that the conditions be suitably selected from the fol-
lowing ranges: the temperature of a deposition source: 50 to
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450° C.; the degree of vacuum: 1077 to 107> Torr; the rate of
deposition: 0.01 to 50 nm/s; the temperature of the substrate:
-50 to 300° C.; and the thickness of the film: 5 nm to 5 um,
although the conditions of the vacuum vapor deposition are
different depending on the compound to be used (material for
the hole injecting layer) and the crystal structure and the
recombination structure of the target hole injecting layer.

The organic EL device of the present invention can find use
in applications including a flat luminous body such as the flat
panel display of a wall hanging television, a light source for
the backlight, meters, or the like of a copying machine, a
printer, or aliquid crystal display, a display panel, and a signal
lamp. In addition, the material of the present invention can be
used in not only the field of an organic EL device but also the
fields of an electrophotographic photosensitive member, a
photoelectric conversion device, a solar cell, an image sensor,
and the like.

EXAMPLES

Next, the present invention is described in more detail by
way of examples. However, the present invention is by no
means limited by these examples.

Synthesis Example 1
Synthesis of Intermediate 1

In a stream of argon, to a 1,000-mL three-necked flask, 47
g of 4-bromobiphenyl, 23 g of iodine, 9.4 g of periodic acid
dihydrate, 42 mL of water, 360 mL of acetic acid, and 11 mL
of sulfuric acid were charged, and the mixture was stirred at
65° C. for 30 minutes and was then subjected to a reaction at
90° C. for 6 hours. The reactant was poured into ice water,
followed by filtering. The resultant was washed with water,
and then washed with methanol. As a result, 67 g of a white
powder were obtained. Main peaks having ratios m/z of 358
and 360 were obtained with respect to C, ,H BrI=359 by a
field desorption mass spectrometry (hereinafter, FD-MS)
analysis, so the powder was identified as Intermediate 1

Synthesis Example 2
Synthesis of Intermediate 2

In a stream of argon, 16.8 g of diphenylamine, 36.0 g of
Intermediate 1, 10 g of t-butoxysodium (manufactured by
Hiroshima Wako [td.), 1.6 g of bis(triphenylphosphine) pal-
ladium (IT) chloride (manufactured by TOKYO CHEMICAL
INDUSTRY CO., LTD.), and 500 mL of xylene were added,
and were then caused to react with each other at 130° C. for 24
hours.

After the resultant had been cooled, 1,000 mL of water
were added to the resultant, and then the mixture was sub-
jected to cerite filtration. The filtrate was extracted with tolu-
ene and dried with anhydrous magnesium sulfate. The dried
product was concentrated under reduced pressure. The result-
ant crude product was subjected to column purification and
recrystallized with toluene. The resultant was taken by filtra-
tion, and was then dried. As a result, 12.4 g of a pale yellow
powder were obtained. FD-MS analysis identified the powder
as Intermediate 2.

Synthesis Example 3
Synthesis of Intermediate 3

In a stream of argon, 17.0 g of benzamide, 68.8 g of 4-bro-
mobiphenyl, 2.70 g of copper iodide, 40.8 g of potassium
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carbonate, and diethylbenzene were added, and were then
caused to react with each other at 175° C. for 19 hours.

After the resultant had been cooled, clean water was added
to the resultant, followed by filtration. The remainder was
washed with acetone, methanol, and clean water three times
each. As aresult, 55.0 g of a benzamide body of Intermediate
3 were obtained.

55.0 grams of the benzamide body of Intermediate 3, 26.3
g of potassium hydroxide, 25 mL of clean water, and dieth-
ylbenzene were added, and were then caused to react with
each other at 175° C. for 5.5 hours.

After the resultant had been cooled, clean water was added
to the resultant, followed by filtration. The remainder was
washed with acetone, methanol, and clean water three times
each, and was then purified with a short column (toluene).
The resultant solid was washed with n-hexane and dried
under reduced pressure. As a result, 25.0 g of a white solid
were obtained. FD-MS analysis identified the solid as Inter-
mediate 3.

Synthesis Example 4
Synthesis of Intermediate 4

A reaction was performed in the same manner as in Syn-
thesis Example 3 except that 4-bromo-p-terphenyl was used
instead of 4-bromobiphenyl. As a result, 28.0 g of a white
powder were obtained. The powder was identified as Inter-
mediate 4 by FD-MS analysis.

Synthesis 5
Synthesis of Intermediate 5

150 grams (892 mmol) of dibenzofuran and 1 L. of acetic
acid were added into a flask. The air in the flask was replaced
with nitrogen, and then the contents were dissolved under
heating. 188 grams (1.18 mol) of bromine were dropped to the
solution while the flask was sometimes cooled with water.
After that, the mixture was stirred for 20 hours under air
cooling. The precipitated crystal was separated by filtration,
and was then sequentially washed with acetic acid and water.
The washed crystal was dried under reduced pressure. The
resultant crystal was purified by distillation under reduced
pressure, and was then repeatedly recrystallized with metha-
nol several times. Thus, 66.8 g of 2-bromodibenzofuran were
obtained (in 31% yield). The resultant was identified as Inter-
mediate 5 by FD-MS analysis.

Synthesis Example 6
Synthesis of Intermediate 6

Under an argon atmosphere, 400 ml, of anhydrous THF
were added to 24.7 g (100 mmol) of 2-bromodibenzofuran,
and then 63 mL (100 mmol) of a solution of n-butyllithium in
hexane having a concentration of 1.6 M were added to the
mixture during the stirring of the mixture at —40° C. The
reaction solution was stirred for 1 hour while being heated to
0° C. The reaction solution was cooled to -78° C. again, and
then a solution 0£26.0 g (250 mmol) of trimethyl borate in 50
mL of dry THF was dropped to the solution. The reaction
solution was stirred at room temperature for 5 hours. 200
milliliters of 1N hydrochloric acid were added to the solution,
and then the mixture was stirred for 1 hour. After that, the
aqueous layer was removed. The organic layer was dried with
magnesium sulfate, and then the solvent was removed by
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distillation under reduced pressure. The resultant solid was
washed with toluene. Thus, 15.2 g of dibenzofuran-2-boronic
acid were obtained (in 72% yield). The resultant was identi-
fied as Intermediate 6 by FD-MS analysis because a main
peak having a ratio m/z of 212 was obtained with respect to
C,,H,BO,=212.

Synthesis Example 7
Synthesis of Intermediate 7

Under an argon atmosphere, 300 mL of toluene and 150
mL of an aqueous solution of sodium carbonate having a
concentration of 2 M were added to 28.3 g (100 mmol) of
4-iodobromobenzene, 22.3 g (105 mmol) of dibenzofuran-2-
boronic acid (Intermediate 4), and 2.31 g (2.00 mmol) of
tetrakis(triphenylphosphine) palladium (0), and then the mix-
ture was heated while being refluxed for 10 hours.

Immediately after the completion of the reaction, the
resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 26.2 g of a white crystal of
4-(4-bromophenyl)dibenzofuran were obtained (in 81%
yield). The crystal was identified as Intermediate 7 by FD-MS
analysis.

Synthesis Example 8
Synthesis of Intermediate 8

A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 32.3 g of Intermediate 7 were
used instead of 2-bromodibenzofuran. As a result, 20.1 g of a
white powder were obtained. The powder was identified as
Intermediate 8 by FD-MS analysis.

Synthesis Example 9
Synthesis of Intermediate 9

A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 22.3 g of dibenzofuran-4-bo-
ronic acid were used instead of dibenzofuran-2-boronic acid.
As a result, 23.1 g of a white powder were obtained. The
powder was identified as Intermediate 9 by FD-MS analysis.

Synthesis Example 10
Synthesis of Intermediate 10

A reaction was performed in the same manner as in Syn-
thesis Example 8 except that 32.3 g of Intermediate 9 were
used instead of Intermediate 7. As a result, 18.6 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 10.

Synthesis Example 11
Synthesis of Intermediate 11

Ina stream of argon, 670 g of carbazole, 850 kg of iodo-
benzene, 20 L. of xylene, 460 g of t-BuONa, and palladium
acetate (Pd(OAc),) were added, and then the mixture was
refluxed for 8 hours. Impurities were filtrated, and then the
filtrate was concentrated under reduced pressure and washed
with hexane. After that, the washed product was dried. As a
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result, 820 g of phenylcarbazole were obtained as a white
powder. In a stream of argon, 24 g of phenylcarbazole, 8.3 g
of potassium iodide, 10.7 g of potassium iodate, S00 mL of
ethanol, and 8 mL of sulfuric acid were added into a 1,000-
mL three-necked flask, and then the mixture was stirred at 75°
C. for 2 hours. After that, the reaction product was injected
into ice water, and then the mixture was extracted with ethyl
acetate and water. After having been washed with water, the
extract was subjected to column chromatography with silica
gel. As a result, 67 g of a white powder were obtained. A
reaction was performed in the same manner as in the synthesis
of Intermediate 1 except that 9-phenylcarbazole was used
instead of 4-bromobiphenyl. As a result, 22.3 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 11.

Synthesis Example 12
Synthesis of Intermediate 12

A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 36.9 g of Intermediate 11 were
used instead of Intermediate 5. As a result, 14.5 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 12.

Synthesis Example 13
Synthesis of Intermediate 13

A reaction was performed in the same manner as in Syn-
thesis Example 7 except that 28.7 g of Intermediate 12 were
used instead of Intermediate 6. As a result, 23.7 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 13.

Synthesis Example 14
Synthesis of Intermediate 14

A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 39.8 g of Intermediate 13 were
used instead of Intermediate 5. As a result, 18.2 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 14.

Synthesis Example 15
Synthesis of Intermediate 15

In a stream of argon, 750 g of phenylboronic acid, 1,000 g
of 2-bromothiophene, 142 g of tetrakis(triphenylphosphine)
palladium (Pd(PPh;),), 9 L of a 2-M solution of sodium
carbonate (Na,CO;), and 15 L of dimethoxyethane were
added into a 50-L reaction vessel, and were then caused to
react with each other at 80° C. for 8 hours. The reaction liquid
was extracted with toluene/water and dried with anhydrous
sodium sulfate. The dried product was concentrated under
reduced pressure, and then the resultant crude product was
subjected to column purification. As a result, 786 g of a white
powder were obtained.

In a stream of argon, 786 g of the compound obtained in the
foregoing and 8 L of dimethylformamide (DMF) were added
into a 20-L reaction vessel. After that, 960 g of N-bromosuc-
cinimide (NBS) were slowly added to the mixture, and then
the whole was subjected to a reaction at room temperature for
12 hours. The resultant was extracted with hexane/water and
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dried with anhydrous sodium sulfate. The dried product was
concentrated under reduced pressure, and then the resultant
crude product was subjected to column purification. As a
result, 703 g of a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 15.

Synthesis Example 16
Synthesis of Intermediate 16

A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 23.9 g of Intermediate 15 were
used instead of Intermediate 5. As a result, 14.2 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 16.

Synthesis Example 17
Synthesis of Intermediate 17

A reaction was performed in the same manner as in Syn-
thesis Example 7 except that 20.4 g of Intermediate 16 were
used instead of Intermediate 6. As a result, 24.2 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 17.

Synthesis Example 18
Synthesis of Intermediate 18

A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 31.5 g of Intermediate 17 were
used instead of Intermediate 5. As a result, 18.8 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 18.

Synthesis Example 19
Synthesis of Intermediate 19

Under an argon atmosphere, 2 ml of trans-1,2-cyclohex-
anediamine and 300 mL. of 1,4-dioxane were added to 28.3 g
(100 mmol) of 4-iodobromobenzene, 16.7 g (100 mmol) of
carbazole, 0.2 g (1.00 mmol) of copper iodide (Cul), and 42.4
g (210 mmol) of tripotassium phosphate, and then the whole
was subjected to a reaction at 100° C. for 20 hours.

After the completion of the reaction, 300 ml of water were
added to the resultant before separation of layers, and the
aqueous layer was removed. The organic layer was dried with
sodium sulfate, and was then concentrated. The residue was
purified by silica gel column chromatography. Thus, 18.3 g of
a white crystal were obtained (in 57% yield). The crystal was
identified as Intermediate 19 by FD-MS analysis.

Synthesis Example 20
Synthesis of Intermediate 20
A reaction was performed in the same manner as in Syn-
thesis Example 6 except that 32.2 g of Intermediate 19 were
used instead of Intermediate 5. As a result, 17.1 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 20.
Synthesis Example 21
Synthesis of Intermediate 21

A reaction was performed in the same manner as in Syn-
thesis Example 19 except that 35.9 g of Intermediate 1 were
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used instead of 4-iodobromobenzene. As a result, 24.1 gofa
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 21.

Synthesis Example 22

Synthesis of Intermediate 22

A reaction was performed in the same manner as in Syn-
thesis Example 11 except that 39.8 g of Intermediate 21 were
used instead of phenylcarbazole. As a result, 25.1 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 22.

Synthesis Example 23

Synthesis of Intermediate 23

A reaction was performed in the same manner as in Syn-
thesis Example 9 except that 39.8 g of Intermediate 22 were
used instead of 4-iodobromobenzene. As a result, 25.1 gofa
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 23.

Synthesis Example 24

Synthesis of Intermediate 24

A reaction was performed in the same manner as in Syn-
thesis Example 22 except that the usage of each of iodine and
periodic acid dihydrate was increased by a factor of two. As a
result, 26.1 g of'a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 24.

Synthesis Example 25

Synthesis of Intermediate 25

A reaction was performed in the same manner as in Syn-
thesis Example 23 except that: 65.0 g of Intermediate 24 were
used instead of Intermediate 22; and the usage of dibenzofu-
ran-4-boronic acid was increased by a factor of two. As a
result, 29.2 g of'a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 25.

Synthesis Example 26

Synthesis of Intermediate 26

A reaction was performed in the same manner as in Syn-
thesis Example 22 except that 32.2 g of Intermediate 19 were
used instead of Intermediate 21. As a result, 22.4 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 26.

Synthesis Example 27

Synthesis of Intermediate 27

A reaction was performed in the same manner as in Syn-
thesis Example 23 except that 44.8 g of Intermediate 26 were
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used instead of Intermediate 22. As a result, 18.1 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 27.

Synthesis Example 28

Synthesis of Intermediate 28

A reaction was performed in the same manner as in Syn-
thesis Example 27 exceptthat: 32.3 g of Intermediate 10 were
used instead of dibenzofuran-4-boronic acid; and 52.4 g of
Intermediate 22 were used instead of Intermediate 26. As a
result, 25.1 g of a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 28.

Synthesis Example 29

Synthesis of Intermediate 29

A reaction was performed in the same manner as in Syn-
thesis Example 27 except that 32.3 g of Intermediate 8 were
used instead of dibenzofuran-4-boronic acid. As a result, 20.6
g of a white powder were obtained. FD-MS analysis identi-
fied the powder as Intermediate 29.

Synthesis Example 30

Synthesis of Intermediate 30

A reaction was performed in the same manner as in Syn-
thesis Example 25 except that 32.3 g of dibenzofuran-2-
boronic acid were used instead of dibenzofuran-4-boronic
acid. As a result, 27.1 g of a white powder were obtained.
FD-MS analysis identified the powder as Intermediate 30.

Synthesis Example 31

Synthesis of Intermediate 31

A reaction was performed in the same manner as in Syn-
thesis Example 25 except that 28.0 g of Intermediate 18 were
used instead of dibenzofuran-4-boronic acid. As aresult, 23.7
g of a white powder were obtained. FD-MS analysis identi-
fied the powder as Intermediate 31.

Synthesis Example 32

Synthesis of Intermediate 32

A reaction was performed in the same manner as in Syn-
thesis Example 25 except that 28.7 g of Intermediate 12 were
used instead of dibenzofuran-4-boronic acid. As a result, 28.1
g of a white powder were obtained. FD-MS analysis identi-
fied the powder as Intermediate 32.

Synthesis Example 33

Synthesis of Intermediate 33

A reaction was performed in the same manner as in Syn-
thesis Example 25 except that 36.3 g of Intermediate 14 were
used instead of dibenzofuran-4-boronic acid. As aresult, 22.9
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g of a white powder were obtained. FD-MS analysis identi-
fied the powder as Intermediate 33.

Synthesis Example 34

Synthesis of Intermediate 34

A reaction was performed in the same manner as in Syn-
thesis Example 9 except that 16.5 g of 1,4-diiodobenzene
were used instead of 4-iodobromobenzene. Asaresult, 11.3 g
of a white powder were obtained. FD-MS analysis identified
the powder as Intermediate 34.

Synthesis Example 35

Synthesis of Intermediate 35

A reaction was performed in the same manner as in Syn-
thesis Example 11 except that 40.8 g of Intermediate 34 were
used instead of phenylcarbazole. As a result, 32.1 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 35.

Synthesis Example 36
Synthesis of Intermediate 36

A reaction was performed in the same manner as in Syn-
thesis Example 12 except that 53.6 g of Intermediate 35 were
used instead of Intermediate 11. As a result, 22.7 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 36.

Synthesis Example 37

Synthesis of Intermediate 37

A reaction was performed in the same manner as in Syn-
thesis Example 13 except that: Intermediate 36 was used
instead of Intermediate 12; and Intermediate 1 was used
instead of 4-iodobromobenzene. As a result, 25.6 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 37.

Synthesis Example 38

Synthesis of Intermediate 38

A reaction was performed in the same manner as in Syn-
thesis Example 11 except that the usage of each of iodine and
periodic acid dihydrate was increased by a factor of two. As a
result, 19.6 g of'a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 38.

Synthesis Example 39

Synthesis of Intermediate 39

A reaction was performed in the same manner as in Syn-
thesis Example 27 except that: 28.8 g of Intermediate 10 were
used instead of dibenzofuran-4-boronic acid; and 49.5 g of
Intermediate 38 were used instead of Intermediate 26. As a
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result, 21.3 g of a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 39.

Synthesis Example 40
Synthesis of Intermediate 40

A reaction was performed in the same manner as in Syn-
thesis Example 12 except that 61.1 g of Intermediate 39 were
used instead of Intermediate 11. As a result, 20.8 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 40.

Synthesis Example 41
Synthesis of Intermediate 41

A reaction was performed in the same manner as in Syn-
thesis Example 27 except that: 28.0 g of Intermediate 18 were
used instead of dibenzofuran-4-boronic acid; and 49.5 g of
Intermediate 38 were used instead of Intermediate 26. As a
result, 24.3 g of a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 41.

Synthesis Example 42
Synthesis of Intermediate 42

A reaction was performed in the same manner as in Syn-
thesis Example 12 except that 60.3 g of Intermediate 41 were
used instead of Intermediate 11. As a result, 18.7 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 42.

Synthesis Example 43
Synthesis of Intermediate 43

A reaction was performed in the same manner as in Syn-
thesis Example 38 except that 16.6 g of dibenzofuran were
used instead of phenylcarbazole. As a result, 20.3 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 43.

Synthesis Example 44
Synthesis of Intermediate 44

A reaction was performed in the same manner as in Syn-
thesis Example 39 exceptthat: 42.0 g of Intermediate 43 were
used instead of Intermediate 38; and 28.7 g of Intermediate 20
were used instead of Intermediate 10. As a result, 21.3 g of'a
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 44.

Synthesis Example 45
Synthesis of Intermediate 45

A reaction was performed in the same manner as in Syn-
thesis Example 7 except that: 20.0 g of 4-bromophenyl
boronic acid were used instead of dibenzofuran-2-boronic
acid; and 53.5 g of Intermediate 44 were used instead of
4-iodobromobenzene. As a result, 18.2 g of a white powder
were obtained. FD-MS analysis identified the powder as
Intermediate 45.



US 9,145,363 B2

141
Synthesis Example 46

Synthesis of Intermediate 46

A reaction was performed in the same manner as in Syn-
thesis Example 44 except that 28.7 g of Intermediate 12 were
used instead of Intermediate 20. As a result, 16.5 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 46.

Synthesis Example 47
Synthesis of Intermediate 47

A reaction was performed in the same manner as in Syn-
thesis Example 45 except that 53.5 g of Intermediate 46 were
used instead of Intermediate 44. As a result, 22.4 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 47.

Synthesis Example 48
Synthesis of Intermediate 48

A reaction was performed in the same manner as in Syn-
thesis Example 44 except that 36.3 g of Intermediate 14 were
used instead of Intermediate 20. As a result, 19.2 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 48.

Synthesis Example 49
Synthesis of Intermediate 49

A reaction was performed in the same manner as in Syn-
thesis Example 45 except that 53.5 g of Intermediate 48 were
used instead of Intermediate 44. As a result, 23.1 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 49.

Synthesis Example 50
Synthesis of 50

A reaction was performed in the same manner as in Syn-
thesis Example 15 except that 12.0 g of Intermediate 10 were
used instead of phenylboronic acid. As a result, 14.7 g of a
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 50.

Synthesis Example 51
Synthesis of Intermediate 51
A reaction was performed in the same manner as in Syn-
thesis Example 16 except that 40.5 g of Intermediate 50 were
used instead of Intermediate 15. As a result, 18.5 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 51.
Synthesis Example 52
Synthesis of Intermediate 52

A reaction was performed in the same manner as in Syn-
thesis Example 17 except that 37.2 g of Intermediate 51 were
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used instead of Intermediate 16. As a result, 19.2 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 52.

Synthesis Example 53
Synthesis of Intermediate 53

A reaction was performed in the same manner as in Syn-
thesis Example 13 exceptthat: 52.9 g of Intermediate 40 were
used instead of Intermediate 12; and 35.9 g of Intermediate 1
were used instead of 4-iodobromobenzene. As aresult,35.5 g
of'a white powder were obtained. FD-MS analysis identified
the powder as Intermediate 53.

Synthesis Example 54
Synthesis of Intermediate 54

In a stream of argon, 185 g of 1-acetamide (manufactured
by TOKYO CHEMICAL INDUSTRY CO.,LTD.), 716 g of
Intermediate 53 (manufactured by Wako Pure Chemical
Industries, [.td.), 544 g of potassium carbonate (manufac-
tured by Wako Pure Chemical Industries, [td.), 12.5 g of a
copper powder (manufactured by Wako Pure Chemical
Industries, [td.), and 2 L. of decalin were added, and were
then caused to react with each other at 190° C. for 4 days.
After the reaction, the resultant was cooled. 2 liters of toluene
were added to the cooled product, and then insoluble matter
was taken by filtration. The product taken by filtration was
dissolved in 4.5 L of chloroform, and then insoluble matter
was removed. After that, the remainder was subjected to an
activated carbon treatment and concentrated. 3 liters of
acetone were added to the concentrate, and then 511 g of the
precipitated crystal were taken by filtration. As a result, an
acetamide body of Intermediate 54 was obtained.

Further, in a stream of argon, the above-mentioned aceta-
mide body was suspended in 5 L. of ethylene glycol (manu-
factured by Wako Pure Chemical Industries, Ltd.) and 50 mL
of water, and then 210 g of an 85% aqueous solution of
potassium hydroxide were added to the suspension. After
that, the mixture was subjected to a reaction at 120° C. for 8
hours. After the reaction, the reaction liquid was poured into
10 L. of water. The precipitated crystal was taken by filtration,
and was then washed with water and methanol. The resultant
crystal was dissolved in 3 L of tetrahydrofuran under heating,
and then the solution was subjected to an activated carbon
treatment, followed by concentration. Acetone was added to
the concentrate so that a crystal was precipitated. The crystal
was taken by filtration, and as a result, 325 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 54.

Synthesis Example 55
Synthesis of Intermediate 55

In a stream ofargon, 9.2 g of aniline, 48.1 g of Intermediate
52, 13.6 g of t-butoxysodium (manufactured by Hiroshima
Wako Ltd.), 0.92 g of tris(dibenzylideneacetone)dipalladium
(0) (manufactured by Aldrich), and 600 mL of dry toluene
were added, and were then caused to react with each other at
80° C. for 8 hours.

After the resultant had been cooled, 500 mL of water were
added to the resultant, and then the mixture was subjected to
cerite filtration. The filtrate was extracted with toluene and
dried with anhydrous magnesium sulfate. The dried product
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was concentrated under reduced pressure. The resultant crude
product was subjected to column purification and recrystal-
lized with toluene. The resultant was taken by filtration, and
was then dried. As aresult, 30.5 g of an amine derivative (pale
yellow powder) were obtained. FD-MS analysis identified the
derivative as Intermediate 55.

Synthesis Example 56
Synthesis of Intermediate 56

A reaction was performed in the same manner as in Syn-
thesis Example 55 except that 64.0 g of Intermediate 49 were
used instead of Intermediate 52. As a result, 39.1 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 56.

Synthesis Example 57
Synthesis of Intermediate 57

A reaction was performed in the same manner as in Syn-
thesis Example 2 except that 65.2 g of Intermediate 54 were
used instead of diphenylamine. As a result, 45.5 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 57.

Synthesis Example 58
Synthesis of Intermediate 58

A reaction was performed in the same manner as in Syn-
thesis Example 53 except that 52.1 g of Intermediate 42 were
used instead of Intermediate 40. As a result, 35.5 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 58.

Synthesis Example 59
Synthesis of Intermediate 59

A reaction was performed in the same manner as in Syn-
thesis Example 15 except that 42.4 g of dibenzofuran-4-
boronic acid were used instead of phenylboronic acid. As a
result, 55.5 g of'a white powder were obtained. FD-MS analy-
sis identified the powder as Intermediate 59.

Synthesis Example 60
Synthesis of Intermediate 60

A reaction was performed in the same manner as in Syn-
thesis Example 16 except that 55.5 g of Intermediate 59 were
used instead of Intermediate 15. As a result, 24.6 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 60.

Synthesis Example 61
Synthesis of Intermediate 61

A reaction was performed in the same manner as in Syn-
thesis Example 17 except that 24.0 g of Intermediate 60 were
used instead of Intermediate 16. As a result, 25.5 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 61.
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Synthesis Example 62

Synthesis of Intermediate 62

A reaction was performed in the same manner as in Syn-
thesis Example 15 except that 42.4 g of Intermediate 6 were
used instead of phenylboronic acid. As a result, 54.0 g of a
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 62.

Synthesis Example 63
Synthesis of Intermediate 63

A reaction was performed in the same manner as in Syn-
thesis Example 16 except that 54.0 g of Intermediate 62 were
used instead of Intermediate 15. As a result, 28.6 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 63.

Synthesis Example 64
Synthesis of Intermediate 64

A reaction was performed in the same manner as in Syn-
thesis Example 17 except that 24.0 g of Intermediate 63 were
used instead of Intermediate 16. As a result, 24.2 g of a white
powder were obtained. FD-MS analysis identified the powder
as Intermediate 64.

Synthesis Example 65
Synthesis of Intermediate 65

A reaction was performed in the same manner as in Syn-
thesis Example 54 except that 100.0 g of Intermediate 61
were used instead of Intermediate 53. As a result, 24.8 g of'a
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 65.

Synthesis Example 66
Synthesis of Intermediate 66

A reaction was performed in the same manner as in Syn-
thesis Example 54 except that 100.0 g of Intermediate 64
were used instead of Intermediate 53. As a result, 22.3 g of'a
white powder were obtained. FD-MS analysis identified the
powder as Intermediate 66.

Example-of-Synthesis 1
Synthesis of Compound H1

In a stream of argon, 3.2 g of Intermediate 3, 5.6 g of
Intermediate 23, 1.3 g of t-butoxysodium (manufactured by
Hiroshima Wako [.td.), 46 mg of tris(dibenzylideneacetone)
dipalladium(0) (manufactured by Aldrich), 21 mg of tri-t-
butylphosphine, and 50 mL of dry toluene were added, and
were then caused to react with each other at 80° C. for 8 hours.

After the resultant had been cooled, 500 mL of water were
added to the resultant, and then the mixture was subjected to
cerite filtration. The filtrate was extracted with toluene and
dried with anhydrous magnesium sulfate. The dried product
was concentrated under reduced pressure. The resultant crude
product was subjected to column purification and recrystal-
lized with toluene. The resultant was taken by filtration, and
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was then dried. As aresult, 4.4 g of a pale yellow powder were
obtained. FD-MS analysis identified the powder as Com-
pound H1.

Example-of-Synthesis 2
Synthesis of Compound H2

A reaction was performed in the same manner as in
Example-of-Synthesis 1 Except that 7.3 g of Intermediate 25
were used instead of Intermediate 23. As a result, 4.2 gofa
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H2.

Example-of-Synthesis 3
Synthesis of Compound H3

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 7.3 g of Intermediate 25
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As aresult, 4.9 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H3.

Example-of-Synthesis 4
Synthesis of Compound H4

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 7.3 g of Intermediate 28
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As aresult, 4.3 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H4.

Example-of-Synthesis 5
Synthesis of Compound HS

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 5.6 g of Intermediate 29
were used instead of Intermediate 23. As a result, 4.2 gofa
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound HS5.

Example-of-Synthesis 6
Synthesis of Compound H6

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 7.3 g of Intermediate 30
were used instead of Intermediate 23; and 2.2 g of N-phenyl-
1-naphthylamine were used instead of Intermediate 3. As a
result, 4.1 g of a pale yellow powder were obtained. FD-MS
analysis identified the powder as Compound H6.

Example-of-Synthesis 7
Synthesis of Compound H7
A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 6.3 g of Intermediate 31

were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As aresult, 5.1 g
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of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H7.

Example-of-Synthesis 8
Synthesis of Compound H8

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 6.4 g of Intermediate 32
were used instead of Intermediate 23. As a result, 4.6 gof a
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound HS.

Example-of-Synthesis 9
Synthesis of Compound H9

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 7.2 g of Intermediate 33
were used instead of Intermediate 23; and 6.1 g of Interme-
diate 4 were used instead of Intermediate 3. As a result, 5.1 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H9.

Example-of-Synthesis 10

Synthesis of Compound H10

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 6.4 g of Intermediate 37
were used instead of Intermediate 23. As a result, 3.9 gofa
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H10.

Example-of-Synthesis 11
Synthesis of Compound H11

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 7.2 g of Intermediate 53
were used instead of Intermediate 23. As a result, 4.7 gof a
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H11.

Example-of-Synthesis 12
Synthesis of Compound H12

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 7.1 g of Intermediate 58
were used instead of Intermediate 23. As a result, 4.2 gof a
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H12.

Example-of-Synthesis 13

Synthesis of Compound H13

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 5.6 g of Intermediate 45
were used instead of Intermediate 23. As a result, 3.3 gofa
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H13.
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Example-of-Synthesis 14

Synthesis of Compound H14

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 5.6 g of Intermediate 47
were used instead of Intermediate 23. As a result, 3.6 gof a
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H14.

Example-of-Synthesis 15
Synthesis of Compound H15

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 6.4 g of Intermediate 49
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As aresult, 5.2 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H15.

Example-of-Synthesis 16

Synthesis of Compound H16

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 4.8 g of Intermediate 52
were used instead of Intermediate 23. As a result, 3.2 gofa
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H16.

Example-of-Synthesis 17
Synthesis of Compound H17

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 7.2 g of Intermediate 53
were used instead of Intermediate 23; and 1.6 g of N,N'-
diphenylbenzidine were used instead of Intermediate 3. As a
result, 3.1 g of a pale yellow powder were obtained. FD-MS
analysis identified the powder as Compound H17.

Example-of-Synthesis 18

Synthesis of Compound H18

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 4.0 g of Intermediate 2
were used instead of Intermediate 23; and 3.2 g of Interme-
diate 54 were used instead of Intermediate 3. As a result, 2.7
g of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H18.

Example-of-Synthesis 19

Synthesis of Compound H19

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 1.6 g of tris (4-bro-
mophenyl) amine were used instead of Intermediate 23; and
4.9 g of Intermediate 55 were used instead of Intermediate 3.
As a result, 2.3 g of a pale yellow powder were obtained.
FD-MS analysis identified the powder as Compound H19.
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Example-of-Synthesis 20

Synthesis of Compound H20

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 8.8 g of Intermediate 57
were used instead of Intermediate 23; and 5.1 g of N,N'-
diphenylbenzidine were used instead of Intermediate 3. As a
result, 3.1 g of a pale yellow powder were obtained. FD-MS
analysis identified the powder as Compound H20.

Example-of-Synthesis 21

Synthesis of Compound H21

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 6.4 g of Intermediate 37
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As a result, 4.1 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H21.

Example-of-Synthesis 22

Synthesis of Compound H22

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 5.6 g of Intermediate 45
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As a result, 4.3 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H22.

Example-of-Synthesis 23

Synthesis of Compound H23

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 4.1 g of Intermediate 61
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As a result, 4.7 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H23.

Example-of-Synthesis 24

Synthesis of Compound H24

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 4.1 g of Intermediate 64
were used instead of Intermediate 23; and 4.7 g of Interme-
diate 4 were used instead of Intermediate 3. As a result, 4.2 g
of a pale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H24.

Example-of-Synthesis 25

Synthesis of Compound H25

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 4.1 g of Intermediate 61
were used instead of Intermediate 23. As a result, 3.7 gof a
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pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H25.

Example-of-Synthesis 26
Synthesis of Compound H26
A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that 4.1 g of Intermediate 64
were used instead of Intermediate 23. As a result, 3.3 gofa
pale yellow powder were obtained. FD-MS analysis identi-
fied the powder as Compound H26.
Example-of-Synthesis 27
Synthesis of Compound H27
A reaction was performed in the same manner as in

Example-of-Synthesis 1 except that: 2.1 g of 4-bromobiphe-
nyl were used instead of Intermediate 23; and 6.7 g of Inter-
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mediate 65 were used instead of Intermediate 3. As a result,
3.7 gofapale yellow powder were obtained. FD-MS analysis
identified the powder as Compound H27.

Example-of-Synthesis 28
Synthesis of Compound H28

A reaction was performed in the same manner as in
Example-of-Synthesis 1 except that: 2.1 g of 4-bromobiphe-
nyl were used instead of Intermediate 23; and 6.7 g of Inter-
mediate 66 were used instead of Intermediate 3. As a result,
3.1 gofapaleyellow powder were obtained. FD-MS analysis
identified the powder as Compound H28.

The structural formulae of Intermediates 1 to 66 synthe-
sized in Synthesis Examples 1 to 66 and Compounds H1 to
H28 synthesized in Examples-of-Synthesis 1 to 28 each serv-
ing as the aromatic amine derivative of the present invention
described in the foregoing, and Comparative Compounds 1 to
7 are as shown below.
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Example 1

Fabrication of Organic EL Device

A glass substrate with an ITO transparent electrode mea-
suring 25 mm wide by 75 mm long by 1.1 mm thick (manu-
factured by GEOMATEC Co., Ltd.) was subjected to ultra-
sonic cleaning in isopropyl alcohol for 5 minutes. After that,
the substrate was subjected to UV ozone cleaning for 30
minutes.

The glass substrate with the transparent electrode line after
the cleaning was mounted on a substrate holder of a vacuum
vapor deposition device. First, the following compound H232
was deposited from vapor on the surface on the side where the
transparent electrode line was formed so as to cover the trans-
parent electrode. Then, the H232 film having a thickness of 60
nm was formed as the hole injecting layer. Compound H4
described above was deposited from vapor and formed into a
hole transporting layer having a thickness of 20 nm on the
H232 film. Further, the following compound EM1 was depos-
ited from vapor and formed into a light emitting layer having
athickness of 40 nm. Simultaneously with this formation, the
following amine compound D1 having a styryl group, as a
light emitting molecule, was deposited from vapor in such a
manner that a weight ratio between the compound EM1 and
the amine compound D1 was 40:2.

The following Alq was formed into a film having a thick-
ness of 10 nm on the resultant film. The film functions as an
electron injecting layer. After that, i serving as a reduction-
causing dopant (Li source: manufactured by SAES Getters)
and Alq were subjected to co-vapor deposition. Thus, an
Alq:Li film (having a thickness of 10 nm) was formed as an
electron injecting layer (cathode). Metal Al was deposited
from vapor onto the Alq:Li film to form a metal cathode.
Thus, an organic EL device was formed.

Next, after the resultant organic EL device had been stored
at 105° C. for 8 hours, the luminescent color of the device was
observed. A luminous efficiency at 10 mA/cm? was calcu-
lated by measuring a luminance by using a CS1000 manufac-
tured by Minolta. Further, the half lifetime of emitted light in
DC constant current driving at an initial luminance of 5,000
cd/m? and room temperature was measured. Table 1 shows
the results.
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Examples 2 to 7

Fabrication of Organic EL Device

Each organic EL device was fabricated in the same manner
as in Example 1 except that the respective compounds shown
in Table 1 were used as hole transporting materials instead of
Compound H4.

Further, for the resultant organic EL device, the half life-
time of emitted light in DC constant current driving at an
initial luminance of 5,000 cd/m* and room temperature was
measured in the same manner as in Example 1. Table 1 shows
the results.

Comparative Examples 1 to 7

Each organic EL device was fabricated in the same manner
as in Example 1 except that respective Comparative Com-
pounds 1 to 7 were used as hole transporting materials instead
of Compound H4.

Further, for the resultant organic EL device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Example 8

Fabrication of Organic EL Device

Anorganic EL device was fabricated in the same manner as
in Example 1 except that the following arylamine compound
D2 was used instead of the amine compound D1 having a
styryl group. Me represents a methyl group.

Further, for the resultant organic EL device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.
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[Chem. 25]
M D2
3]
O .
N '
O N
M '
Me

Comparative Example 8

An organic EL device was fabricated in the same manner as
in Example 8 except that Comparative Compound 1
described in the foregoing was used as a hole transporting
material instead of Compound H4.

Further, for the resultant organic EL. device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Example 9
Fabrication of Organic EL Device

An organic EL device was fabricated in the same manner as
in Example 1 except that the following imidazole compound
(ET1) was used as a hole transporting material instead of Alq.

Further, for the resultant organic EL. device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

[Chem. 26]
Imidazole Compound (ET1)

Comparative Example 9

An organic EL device was fabricated in the same manner as
in Example 9 except that Comparative Compound 1
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described in the foregoing was used as a hole transporting
material instead of Compound H4.

Further, for the resultant organic EL device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Example 10
Fabrication of Organic EL Device

Anorganic EL device was fabricated in the same manner as
in Example 1 except the following. The following acceptor
compound (C-1) was formed into a film having a thickness of
10 nm instead of the compound H232, and then Compound 4
was formed into a film having a thickness of 70 nm.

Further, for the resultant organic EL device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

[Chem. 27]
Acceptor Compound (C-1)
CN
NC
\ N
N N CN
X
F
N N CN
N
NC 7
CN

Comparative Example 10

Anorganic EL device was fabricated in the same manner as
in Example 10 except that Comparative Compound 1
described in the foregoing was used as a hole transporting
material instead of Compound H4.

Further, for the resultant organic EL device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Example 11
Fabrication of Organic EL Device

Anorganic EL device was fabricated in the same manner as
in Example 1 except that: Compound H11 was used as a hole
injecting material instead of the compound H232; and two
layers of hole transporting materials were laminated.

Further, for the resultant organic EL device, the lumines-
cent color of the device was observed, and the half lifetime of
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emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Example 12
Fabrication of Organic EL Device

An organic EL device was fabricated in the same manner as
in Example 11 except that Compound H16 was used as a hole
transporting material instead of Compound H11.

Further, for the resultant organic EL. device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Comparative Example 11

An organic EL device was fabricated in the same manner as
in Example 11 except that Comparative Compound 1
described in the foregoing was used instead of Compound
H11.

Further, for the resultant organic EL. device, the lumines-
cent color of the device was observed, and the half lifetime of
emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured in the same manner as in Example 1. Table 1 shows the
results.

Examples 13 to 18
Fabrication of Organic EL Device

Each organic EL device was fabricated in the same manner
as in Example 1 except that the respective compounds shown
in Table 1 were used as hole transporting materials instead of
Compound H4.

Further, for the resultant organic EL. device, the half life-
time of emitted light in DC constant current driving at an
initial luminance of 5,000 cd/m* and room temperature was
measured in the same manner as in Example 1. Table 1 shows
the results.

TABLE 1
Hole Half
transporting Luminescent lifetime
Example material color (hour(s))
1 H4 Blue 370
2 H9 Blue 310
3 HI11 Blue 340
4 H13 Blue 280
5 H15 Blue 310
6 H21 Blue 340
7 H22 Blue 360
8 H4 Blue 360
9 H4 Blue 310
10 H4 Blue 250
11 H11/H4 Blue 410
12 H16/H4 Blue 420
13 H23 Blue 340
14 H24 Blue 310
15 H25 Blue 300
16 H26 Blue 280
17 H27 Blue 330
18 H28 Blue 300
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TABLE 1-continued
Hole Half
transporting Luminescent lifetime
Example material color (hour(s))
Comparative Comparative Blue 170
Example 1 Compound 1
2 2 Blue 120
3 3 Blue 40
4 4 Blue 80
5 5 Blue 90
6 6 Blue 140
7 7 Blue 120
8 Comparative Blue 130
Compound 1
9 Comparative Blue 160
Compound 1
10 Comparative Blue 110
Compound 1
11 Comparative Blue 150
Compound 5/H4

As is apparent from the results of Table 1, an organic ELL
device using the aromatic amine derivative of the present
invention provides high luminous efficiency even at high
temperatures and has a long halflifetime as compared with an
organic EL. device using an aromatic amine derivative for
comparison.

INDUSTRIAL APPLICABILITY

As described above in detail, the molecules of the aromatic
amine derivative of the present invention hardly crystallize,
and the incorporation of the derivative into an organic thin
film layer improves a yield upon fabrication of an organic EL.
device and can realize an organic EL. device having a long
lifetime. Accordingly, the derivative is extremely useful as a
material for an organic EL. device having high practicality.

The invention claimed is:
1. An aromatic amine derivative represented by any one of
formulae (13) to (17):

13)

A
\
N—Ar
/
Ar4
14
Ari /Ars
N—L3—N
Ar7/ \Ar9
15)
AIIO Arl4
/
/N—L5—N
L4 \Arl3
Ar''—N
Arlz
16)
N Ar20
/
N—L'—N
/ \
i L8
Ar'6—N >N—Ar19,
\Ar” AIIS
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-continued
. an
A
AP2—N
L? A6
/
N—LI—N
/
LlO AIZS,
ArP—N
\Ar24

wherein Ar® to Ar*® are substituted or unsubstituted aryl
groups having 6 to 50 ring carbon atoms except that at
least one of Ar® to Ar®, at least one of Ar® to Ar®, at least
one of Ar'® to Ar'?, at least one of Ar'> to Ar*°, and at
least one of Ar*! to Ar*® are each represented by formula
(1) below, and

L? to L*! each represent the same linking group as the
linking group represented by L* in formula (1) below:

®
L 12
N \B,

wherein

(i) L! represents a substituted or unsubstituted arylene
group having 6 to 50 ring carbon atoms,

(i) L? represents a single bond, or a substituted or unsub-
stituted arylene group having 6 to 50 ring carbon atoms,

provided that an arbitrary substituent for each of L' and L*
comprises a linear or branched alkyl group having 1 to
10 carbon atoms, a cycloalkyl group having 3 to 10 ring
carbon atoms, a trialkylsilyl group having 3 to 30 carbon
atoms, a triarylsilyl group whose aryl groups each have
6to 10 ring carbon atoms, an alkylarylsilyl group having
8 t0 24 carbon atoms whose aryl portion has 6 to 14 ring
carbon atoms, an unsubstituted aryl group having 6 to 30
ring carbon atoms, a halogen atom, or a cyano group,
and a plurality of substituents are identical to or different
from each other,

(iii) A represents a linking group represented by any one of
formulae (2) to (4):

NS NP
pag

®Y, (R,

@

&)
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C

(R),

wherein

R to R% each independently represent the same substituent
as the arbitrary substituent for each of L' and L?, or a
formula -L>-B, wherein B has the same meaning as
meaning of B to be described below, and

aplurality of R"’s, R*’s,R*’s,R*’s, R>’>s or R%’s adjacent to
each other are optionally bonded to each other to form a
saturated or unsaturated ring,

d represents an integer of 0 to 4,

a, b, c, e, and f each independently represent an integer of
0to 3,

and

Ar' represents a substituted or unsubstituted aryl group
having 6 to 14 ring carbon atoms,

provided that substituents for Ar' each independently com-
prise the same substituent as the arbitrary substituent for
eachof L' and L?, and

(iv) B represents a substituent represented by any one of
formulae (6) and (8):

NN
paG

(R, ®R?);

)

®

R'2)

wherein

R® R%,R'?and R'? each independently represent the same
substituent as the arbitrary substituent for each of L' and
L2, or a formula -L>-B, and

a plurality of R®’s, R”’s, R'*’s or R'*’s adjacent to each
other are optionally bonded to each other to form a
saturated or unsaturated ring,

1,], k, and m each independently represent an integer of O to
45

h, 1, and n each independently represent an integer of 0 to 3,
and

Ar® represents a substituted or unsubstituted aryl group
having 6 to 14 ring carbon atoms,

provided that substituents for Ar* each independently com-
prise any one of the same substituent as the arbitrary
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substituent for each of L' and L except an aryl group,
and a phenyl group, a biphenyl group, a naphthyl group,
and a phenanthryl group.

2. The derivative of claim 1, wherein A represents a linking
group represented by any one of formulae (2) to (4), and B
represents a substituent represented by any one of formulae
(6) and (8).

3. The derivative of claim 1, wherein L' represents a link-
ing group represented by any one of formulae (10) to (12):

(10)

o
R,
(11)
Y | \
I
NGt P
(Rls)p (R17)q

12)

wherein
R'* to R each independently represent the same substitu-
ent as the arbitrary substituent for each of L' and L?,
R*® and R*' each independently represent a linear or
branched alkyl group formed of a hydrocarbon having 1
to 10 carbon atoms, or a cycloalkyl group having 3 to 10
ring carbon atoms,
aplurality of R'>’s,R'®’s, R'”’s, R'®’s, or R'*’s adjacent to
each other are optionally bonded to each other to form a
saturated or unsaturated ring;
0, p, and q each independently represent an integer of 0 to
4, and
r and s each independently represent an integer of O to 3,
and
L? represents a single bond, or a linking group represented
by any one of formulae (10) to (12).
4. The derivative of claim 3, wherein
L' represents a linking group represented by any one of
formulae (10) to (12), and L? represents a single bond.
5. The derivative of claim 1, wherein
L' is at least one selected from the group consisting of a
phenylene group, a biphenylene group, and a 9,9-dim-
ethylfiuorenylene group, and
L? represents a single bond.
6. The derivative of claim 1, wherein A represents a linking
group of formula (2).
7. The derivative of claim 1, wherein A represents a linking
group of formula (3).
8. The derivative of claim 1, wherein A represents a linking
group of formula (4).
9. The derivative of claim 1, wherein B represents a sub-
stituent of formula (6).
10. The derivative of claim 1, wherein B represents a sub-
stituent of formula (8).
11. The derivative of claim 1, wherein the aromatic amine
derivative is of formula (13).
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12. The derivative of claim 11, wherein at least one selected
from the group consisting of Ar®, Ar*, and Ar’ is of formula
(1), and the others each represent a substituted or unsubsti-
tuted aryl group having 6 to 50 ring carbon atoms.

13. The derivative of claim 1, wherein the substituted or
unsubstituted aryl group having 6 to 50 ring carbon atoms
comprises at least one selected from the group consisting of a
naphthyl group, a biphenyl group, and a terphenyl group.

14. A material, comprising the derivative of claim 1,
wherein the material is suitable for an organic electrolumi-
nescence device.

15. A hole transporting material, comprising the derivative
of claim 1, which is suitable for an organic electrolumines-
cence device.

16. An organic electroluminescence device, comprising an
organic thin film layer comprising one or more layers com-
prising a light emitting layer,

wherein the organic thin film layer is interposed between a

cathode and an anode,

wherein at least one layer of the organic thin film layer

comprises the derivative of claim 1.

17. The device of claim 16, wherein the organic thin film
layer comprises at least one member selected from the group
consisting of a hole transporting layer and a hole injecting
layer, and

the derivative of claim 1 is incorporated into the at least one

member.

18. The device of claim 17, wherein the organic thin film
layer comprises a hole transporting zone comprising at least
one selected from the group consisting of a hole transporting
layer and a hole injecting layer, and

the derivative of claim 1 is incorporated into a layer out of

direct contact with the light emitting layer in the hole
transporting zone.

19. The device of claim 17, wherein the derivative of claim
1 is incorporated as a main component into the at least one
member.
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20. The device of claim 16, wherein the light emitting layer
comprises at least one selected from the group consisting of'a
styrylamine compound and an arylamine compound.

21. The device of claim 16, wherein a layer in contact with
the anode out oflayers comprised in at least one selected from
the group consisting of a hole injecting layer and a hole
transporting layer, comprises a layer comprising an acceptor
material.

22. The device of claim 16, which emits blue light.

23. A compound of the formula H4:

H4



